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DRINKING  FOUNTAINS  (Tables  1A,  IB) 

Table  1A.  FIRST  FLUSH.  Measurement  of  lead  in  water  at  drinking  fountains.  Number 
(and  percentage)  of  samples  in  three  categories  of  lead  concentration  e::pressed  in 
micrograms  of  lead  per  liter  of  water.  Data  represented  by  region  and  for  all  samples 
statewide  (NE:  Northeast;  SE:  Southeast;  C:  Central,  W :  Western;  ALL:  Statewide). 


LEAD  CONC. 

(micrograms  per  liter) 

NE 

SE 

C 

W 

ALL 

50  or  higher 

7/31 

\^  J<*>} 

3/17 
(16%) 

3/12 
(25*) 

2/10 
(20%) 

15/70 
{21%) 

20  to  49 

7/31 

{21%) 

3/17 
(151)  ' 

4/12 

1/10 
(10%) 

15/70 
(21%) 

less  than  20 

17/31 
(55*) 

11/17 
(65*) 

5/12 

(42*) 

7/10 
{10%) 

40/70 
(57%) 

Table  IB.  TWO  MINUTE  FLUSH.  Measurement  of  lead  in  drinking  water  at  drinking 
fountains  following  a  free-flow  of  water  for  two  minutes  after  the  first  flush. 


LEAD  CONC. 

(micrograms  per  liter) 

■  NE 

 SE 

C 

W 

ALL 

50  or  higher 

0/31 
{0%) 

0/17 
(0%) 

1/12 
(6%) 

1/10 
(10%) 

2/70 
(3-) 

20  to  49 

4/31 
(13%) 

1/17 
(6%) 

2/12 
(17%) 

2/10 
(20%) 

9/70 
(13*) 

less  than  2  0 

27/31 
(67%) 

16/17 
(94%) 

9/12 

_  ...(75*) 

7/10 
(70%) 

59/70 
(64%) 

Drinking  fountains 

31 

17 

12 

10 

70 

Number  of  schools 

20 

6 

6 

5 

39 
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LEAD  IN  DRINKING  WATER  IN  PUBLIC  SCHOOLS 


INTRODUCTION 

A  survey  of  lead  in  the  drinking  water  of  public  schools  in 
Massachusetts  was  conducted  to  estimate  the  prevalence  of  elevated  levels 
of  lead  in  drinking  water.  For  the  purpose  of  this  study,  elevated  levels  of 
lead  were  defined  at  two  concentrations,  i.e.  at  50  micrograms  or  more  of 
lead  per  liter  (ug/L)  of  water,  the  current  U.S.  Environmental  Protection 
Agency  (EPA)  maximum  contaminant  level  (MCL),  and  at  20  ug/L  or  more, 
an  MCL  for  lead  which  was  proposed  by  EPA  at  the  time  of  the  study  design.- 
Four  hundred  sixty-two  samples  were  collected  from  39  public  schools  and 
analyzed  for  lead  concentration.  An  additional  thirty-nine  samples  were 
collected  to  measure  pH. 

In  1 986,  a  study  done  for  EPA  by  the  Culiigan  Company  and  the 
Illinois  Institute  of  Technology  examined  772  grab  samples  taken  at  random 
times  and  collected  in  580  cities  in  47  states.  This  EPA  study  indicated  that 
1 6%  of  the  water  from  U.S.  kitchen  taps  contained  20  ug/L  or  more  of  lead. 
In  their  report  on  The  Nature  and  Extent  of  Lead  Poisoning  in  Children  in  the 
United  States:  A  Report  to  Congress  .  July  1  1,  1988,  the  U.S.  Agency  for  Toxic 
Substances  and  Disease  Registry  stated  that  a  significant  omission  in  the 
national  estimate  of  lead  exposure  to  children  is  the  lack  of  data  on 
prevalence  of  high  lead  levels  in  drinking  water  in  schools.  The 
Massachusetts  study  of  lead  in  drinking  water  of  public  schools  provides  a 
reliable  estimate  of  the  prevalence  of  high  lead  levels  in  drinking  water  in 
schools,  and  provides  a  basis  for  estimation  of  lead  exposure  from  drinking 
water  in  schools. 


OBJECTIVES  OF  THE  STUDY 

This  was  a  descriptive  study  designed  with  three  objectives:  (1)  to 
estimate  the  proportion  of  elementary  schools  that  have  lead  levels  in 
drinking  water  at  50  micrograms  or  more  per  Liter  (ug/L)  and  20  ug/L  or 
more  "at  the  tap",  (2)  to  estimate  the  concentration  of  lead  in  water  supplied 
to  schools  from  public  water  supplies  (PWS)  and  (5)  to  estimate  the  effect  of 
flushing  water  systems  on  the  concentration  of  lead  in  drinking  water. 


SAMPLE  DESIGN 

Sampling  Plan.  The  goal  was  to  test  water  from  40  Massachusetts 
public  schools  selected  from  all  schools  that  had  one  or  more  grades  K  thru  6, 
25  or  more  students,  and  received  drinking  water  from  Public  Water 
Supplies.  All  public  schools  with  these  characteristics  and  which  were  listed 
in  the  sample  list  constituted  the  sampling  frame. 

A  random  systematic  sample  was  taken  within  the  four  Department  of 
Environmental  Quality  Engineering  (DEQE)  regional  areas,  i.e.  Northeast  (NE), 
Southeast  (SE),  Central  (C)  and  Western  (W).  Fifty  schools  in  total  were 
selected  from  the  four  regions,  weighted  by  population,  to  allow  for  loss  of 
randomly  selected  schools  that  might  not  be  able  to  participate  in  the 
survey. 

The  sample  list  used  was  "Massachusetts  Schools,  1986-1987", 
Massachusetts  Department  of  Education.  After  sorting  the  list  and  extracting 
those  schools  that  had  one  or  more  grades  K-6  and  25  or  more  students, 
1,361  schools  were  eligible  for  inclusion  in  the  study. 

Flowchart  for  Stratified  Random  Sample 

Public  Schools 
One  or  more  gradesT-6 
25  or  more  students 

Stratified  by  Four 
DEQE  Regional  Areas 

50  Schools  selected  from  NE,  SE,  C,  N 
Weighted  by  population 

Northeast-24      Soutkeast-10      CenWal-8  Western-S 

Goal  40  schools  in  final  study  sample 

Northeast=20      Southeast=S       Central=6  Western-6 
i  1  1  1 

12  samples  per  school  for  lead  =  480  samples 
1  sample  per  school  for  pH  =  40  samples 
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Water  Samples.  At  each  school,  12  water  samples  were  taken  for  lead 
concentration  and  one  sample  for  pH  measurement.  Samples  were  collected 
by  laboratory  staff  of  the  State  Laboratory  Institute.  The  sampling  protocol 
is  described  in  detail  in  Appendix  A  which  is  included  in  the  final  report. 
Sampling  sites  were  chosen  according  to  a  predetermined  schedule  outlined 
here. 


water  meter                      sink  sink 
 a  D  D  D 

A1.A2.A3  B1.B2        C1.C2         D1.D2  E1.E2JS3 

bubbler  bubbler 


•  Three  (3)  samples  for  lead  concentration  were  taken  at  the  tap 
nearest  the  WATER  METER  ,  and  labeled  as  sample  Al,  the  first  flush 
sample;  A2,  the  sample  taken  after  a  temperature  change  was 
noticed  in  water  flowing  freely  from  the  tap  and  sample  A3,  the 
sample  taken  five  minutes  after  opening  the  tap.  A  fourth  sample 
was  taken  for  pH  determination  immediately  after  the  A3  sample. 

•  Four  samples  were  taken  at  WATER  BUBBLERS  OR  COOLERS.  Two, 
250  ml  samples  were  taken  at  the  water  bubbler  or  cooler  closest  to 
the  water  meter  and  labeled  B1.B2.  The  first  flush  samples  were 
labeled  Bl  and  the  samples  taken  after  allowing  the  water  to  flow 
for  two  minutes  were  labeled  B2.  Two  other  samples  were  taken  at  a 
water  bubbler  or  cooler  at  a  point  close  to  the  midpoint  of  the  water 
system  and  labeled  Dl  and  D2,  a  first  flush  sample  and  a  two  minute 
flush  sample  respectively. 

•  Five,  one  liter  samples  were  taken  at  SINKS.  Two  samples  (CI, 2) 
were  taken  at  sinks  located  in  the  water  system  between  the 
sampling  sites  used  for  the  B1/B2  and  D1/D2  sampling  points. 

A  final  set  of  three  samples  was  taken  from  the  sink  at  the  most 
distant  point  from  the  water  meter.  These  final  samples  were 
taken  at  first  flush,  El,  after  a  2  minute  flush,  E2,  and  after  10 
minutes  of  flushing,  E3. 
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Laboratory  Analysis 

Detection  and  quantitation  of  lead  was  done  at  the  State  Laboratory 
Institute  by  graphite  furnace  Atomic  Absorption  Spectroscopy  according  to 
the  Methods  for  Chemical  Analysis  of  Water  and  Wastes,  Method  239.2,  EPA 
600/4-79-020,  U.S.  Environmental  Protection  Agency  (1979).  Samples  that 
exceeded  75  ug/L  by  the  standard  EPA  method  were  analyzed  by  Delve's 
Cup  Method.  Analytical  protocols  are  aincluded  as  Appendices  B  and  C  in  the 
final  report.  Test  results  reported  are  the  average  of  duplicate  assays  of  each 
sample  and  are  expressed  as  micrograms  of  lead  per  liter  of  water 
(equivalent  to  parts  per  billion).  Quality  control  limits  for  known  reference 
standards  were  established  prior  to  analysis  of  survey  samples,  and  quality 
control  /  quality  assurance  procedures  included  in  all  test  runs  were 
calibration  curves,  internal  controls,  external  controls  and  independent 
monitoring  of  test  results.  Lead  concentrations  in  samples  were  not 
quantitated  below  5  ug/L,  the  lowest  concentration  included  in  the 
calibration  curves. 

RESULTS 

Of  the  randomly  sampled  schools,  39  schools  were  able  to  participate 
in  the  survey.  The  towns  represented  in  the  survey  are  listed  here  by  DEQE 
Region. 

Northeast  fp=20) 

Brighton  Lowell 

Cambridge  Maiden  (2) 

Dorchester  (2)  Marbiehead 

Framingham  Natick 

Gloucester  Newton  (2) 

Haverhill  Newbury 

Lawrence  Quincy 

Lincoln  Reading  (2.) 
Southeast  fn=8) 

Berkley  New  Bedford 

Brockton  Oak  Bluffs 

Fall  River  Stoughton 

Franklin  West  Yarmouth 


6 


Central  (d-6) 

Gardner (2) 

Holliston 

Marlborough 

Western  (n-5) 

Hadley 

Ludlow 


Palmer 

West  Springfield  (2) 


Townscend 
Worcester 


Thirty-nine  schools  were  sampled  in  the  testing  program.  The 
distribution  of  schools  tested  according  to  DEQE  Region  was  Northeast,  20, 
Southeast,  8,  Central,  6  and  Western,  5. 

The  results  for  all  samples  from  each  school  are  shown  in  List  A  that  is 
included  in  the  final  report.  Summary  data  are  presented  in  several  tables 
and  graphs  described  here. 

Tables  1  A.B  and  2  A,B  show  the  proportion  of  bubblers  or  coolers 
(Table  1)  and  sinks  or  other  water  taps  (Table  2)  that  exceeded  either  50 
ug/L  or  20  ug/L  at  first  flush  and  after  a  2  minute  flush.  These  tabies  are 
adjusted  for  discrepant  samplings  where  either  a  B  or  D  sampling  was  not 
taken  at  a  cooler  or  bubbler,  or  a  D  or  E  sample  was  not  taken  at  a  sink  or 
other  tap.  In  all  70  bubblers  or  coolers  ,  and  120  sinks  or  other  taps  were 
sampled. 

As  shown  in  Table  1  A,  15/70  (21%)  drinking  fountains  had  lead  in 
water  levels  of  50  ug/L  or  greater  at  first  flush,  and  15/70  (21%)  had  levels 
between  20  and  49  ug/L.  In  Table  IB,  data  show  that  after  a  2  minute  flush, 
2/70  (3%)  drinking  fountains  had  lead  levels  of  50  ug/L  or  greater  and  9/70 
(13%)  had  lead  levels  from  20  to  49  ug/L. 

Table  2 A  shows  that  at  sinks  and  other  faucets,  38/120  (32%)  of  these 
sites  had  first  flush  water  samples  with  lead  levels  that  exceeded  50  ug/L, 
and  25/120  (21%)  had  lead  levels  from  20  to  49  ug/L.  Table  2B  shows  the 
test  results  for  the  two  minute  flush  samples  from  these  sites  where  3/120 
(3%)  had  lead  levels  of  50  ug/L  or  more  and  10/120  (8%)  had  lead  levels 
between  20  and  49  ug/L. 

Graph  1  describes  the  test  results  of  samples  from  the  tap  nearest  the 
WATER  METER,  the  "A"  series  of  samples.  Graphs  1 A  and  IB  describe  the 
mean  and  median  lead  levels,  respectively,  for  each  of  the  four  regions,  and 
an  overall  mean  and  median.  As  seen  in  Graph  1  A,  the  overall  mean  for  the 
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DRINKING  FOUNTAINS  (Tables  1A,  IB) 

Table  1A.  FIRST  FLUSH.  Measurement  of  lead  in  water  at  drinking  fountains.  Number 
(and  percentage)  of  samples  in  three  categories  of  lead  concentration  expressed  in 
micrograms  of  lead  per  liter  of  water.  Data  represented  by  region  and  for  all  samples 
statewide  (NE:  Northeast;  SE:  Southeast;  C:  Central,  W:  Western;  ALL:  Statewide). 


LEAD  CONC. 

NE 

SE 

C 

W 

ALL 

(micrograms  per  liter) 

50  or  higher 

7/31 

3/17 

3/12 

2/10 

15/70 

(23S) 

foe  <P\ 

(20%) 

(21%) 

20  to  49 

7/31 

3/17 

4/12 

1/10 

15/70 

(23^) 

(16%) 

(105) 

(21%) 

less  than  2  0 

17/31 

11/17 

5/12 

7/10 

40/70 

(65*) 

(42*) 

(70S) 

Table  IB.  TWO  MINUTE  FLUSH.  Measurement  of  lead  in  drinking  water  at  drinking 
fountains  following  a  free-flow  of  water  for  two  minutes  after  the  first  flush. 


LEAD  CONC. 

NE 

SE 

C 

W 

ALL 

(micrograms  per  liter) 

50  or  higher 

0/31 

0/17 

1/12 

1/10 

2/70 

(0%) 

m) 

<3S) 

(10%) 

(3-) 

20  to  49 

4/31 

1/17 

2/12 

2/10 

9/70 

(13") 

(63) 

(17J5) 

(20%) 

(13") 

less  than  2  0 

27/31 

16/17 

9/12 

7/10 

59/70 

.  (87*)_ 

(94S) 

(75%) 

(70%)   

..  .(64S) 

Drinking  fountains 

31 

17 

12 

10 

70 

Number  of  schools 

20 

5 

6 

5 

39 
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SINKS  AND  FAUCETS  (Tables  2A,  2B) 

•>. 

Table  2  A.  FIRST  FLUSH.  Measurement  of  lead  in  water  from  sinks  and  faucets. 
Number  (and  percentage)  of  samples  in  three  categories  of  lead  concentration  expressed 
in  micrograms  of  lead  per  liter  of  water.  Data  represented  by  region  and  for  all  samples 
statewide  (NE:  Northeast;  SE:  Southeast;  C:  Central,  W:  Western;  ALL:  Statewide). 


LEAD  CONC. 

(micrograms  per  liter) 

NE 

SE 

C 

W 

ALL 

50  or  higher 

2  1/64 

(33-) 

5/23 
(22%) 

7/16 
(392) 

5/15 
(33-) 

357 T20 
(32S) 

20  to  49 

14/64 
(22%) 

4/23 
(ld%) 

4/15 
(22%)  ■ 

J/  O 

(20%) 

25/120 
(2\%) 

less  than  20 

29/64 
(45S) 

14/23 
(6  IS) 

7/16 
(398) 

7/15 

(47S) 

57/120 
(46*) 

Table  2B.  TWO  MINUTE  FLUSH, 
faucets  following  a  free -flow  of  v 

Measurement  of  lead  in  drinldn?  water  at  sinks  and 
rater  for  two  minutes  after  the  first  flush. 

LEAD  CONC. 

(micrograms  per  liter) 

NE 

SE 

c 

W 

ALL 

50  or  higher 

0/64 
(0%) 

2/23 
(9%) 

1/16 

m) 

0/15 
(0%) 

3/120 
(3-) 

20  to  49 

6/64 
(13") 

0/23 
(OX) 

1/15 

(6S) 

1/15 

10/120 
(6%) 

less  than  20 

56/64 
(668) 

21/23 
(91*) 

16/16 
(69*) 

14/15 

(93-) 

107/120 
(69.?) 

Sinks  and  Faucets 

64 

23 

15 

15 

120 

Number  of  schools 

20 

6 

6 

5 

39 
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TAP  CLOSEST  TO  WATER  METER 


WEST      ESS  CENTRAL      E~D  N.EAST 


A1-Flrst  flush 

A2"Samplod  after  temperature  change 
A3-Sampled  after  five  minutes 
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A1 


A2 


A3 


WEST      ESS  CENTRAL      ED  N.EAST 


S.EAST 


TOTAL 


A1-Flrat  flush 

A2-Sampled  after  temperature  change 
A3-Sampled  after  five  minutes 
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first  flush  samples  (Al)  is  over  40  micrograms  of  lead  per  liter  (40  ug/L)  of 
water.  This  level  decreases  to  less  than  10  ug/L  after  flushing  until  a 
temperature  change  is  noticed  (A2)  and  to  Jess  than  5  ug/L  after  flushing  for 
5  minutes  (A3).  The  regional  means  do  not  vary  remarkably  except  for  the 
Southeast  "A2"  mean  that  remained  above  20  ug/L.  The  elevated  mean  level 
for  the  Southeast  Region  is  due  to  a  single  elevated  value  of  107.5  ug/L. 
The  data  in  Graph  IB  show  the  overall  median  for  the  first  flush  "A  1" 
samples  is  approximately  13  ug/L.  The  median  decreases  to  less  than  5 
ug/L  (the  limit  of  quantitation  for  the  analytical  assay)  after  flushing  as  seen 
in  the  results  for  the  A2  and  A3  samples. 

Graphs  2A  and  2B  show  the  mean  and  median  summary  statistics  for 
test  results  of  lead  levels  for  water  samples  taken  from  the  BUBBLER  OR 
COOLER  CLOSEST  TO  THE  WATER  METER.  The  overall  mean  lead  level  shown 
in  Graph  2 A  at  first  flush  for  these  samples  ("B 1 "  samples)  is  greater  than 
100  ug/L,  and  decreases  to  less  than  10  ug/L  after  2  minutes  flushing.  As 
indicated  in  Graph  2B,  the  median  lead  level  for  these  B  samples  is  almost  20 
ug/L  at  first  flush  and  decreases  to  less  than  5  ug/L  after  two  minutes  of 
flushing. 

Graphs  3A  and  3B  depict  the  test  results  for  samples  taken  at  a 
BUBBLER  OR  COOLER  NEAR  THE  BUILDING  MIDPOINT,  the  "D"  series  of 
samples.  The  overall  mean  and  median  levels  are  approximately  60  ug/L 
and  20  ug/L  for  the  "D"  samples  at  first  flush.  Following  a  two  minute  flush, 
the  overall  mean  lead  level  was  20  ug/L  while  the  median  lead  level  is  less 
than  5  ug/L. 

Graphs  4A,B  show  only  the  overall  mean  and  median  summary 
statistics  before  and  after  flushing  for  the  taps  closest  to  the  water  meters  in 
schools  at  the  three  sampling  intervals:  Al,  first  flush;  A2, after  a 
temperature  change;  and  A3,  after  5  minutes  of  flushing.  These  tables  more 
clearly  display  the  average  effects  of  flushing  on  lead  levels.  The  average 
lead  level  of  43.3  ug/L  at  first  flush  is  reduced  by  79%  to  a  level  of  8.9  ug 
lead/L  after  flushing  until  there  is  a  temperature  change  in  the  water.  After 
flushing  for  5  minutes,  the  lead  concentration  is  4.3  ug/L,  a  90*  reduction  in 
lead  level  from  first  flush. 

Graphs  5A,B  show  only  the  overall  mean  and  median  summary 
statistics  before  and  after  flushing  at  drinking  fountains,  i.e.  both  bubblers 
and  coolers.  The  mean  lead  level  of  63  ug/L  at  first  flush  is  reduced  by  68% 
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